To examine the prognostic relevance of human papillomavirus (HPV) infection for anal squamous cell carcinoma (ASCC) patients treated with chemoradiation (CRT) in the National Cancer Data Base (NCDB).
Introduction
Carcinoma of the anal canal is a relatively uncommon malignancy accounting for only 1.9% of all malignant tumors of the gastrointestinal (GI) system in patients in the United States (1) . Although rare, the incidence of this cancer appears to be increasing, particularly in women (2) . Despite the rarity of this disease, anal cancer is distinct from all other GI malignancies due to the exceptionally high response rates to chemotherapy and radiation therapy (RT). For instance, rectal cancer, which is anatomically a few centimeters proximal to the anal canal, is reported to have pathologic complete response rates of 8-35% (3) (4) (5) (6) . Whereas, anal cancer is noted to have clinical response rates of 60-90% (7) (8) (9) . While histology is known to play an important role in response to treatment, human papillomavirus (HPV) infection has also been previously implicated in its success to treatment.
H P V i s a n o n -e n v e l o p e d , d o u b l e s t r a n d e d , deoxyribonucleic acid (DNA) virus with predilection for epithelial and mucosal cells. Although there are over 200 known HPV genotypes, HPV16 and HPV18 have been established as oncogenic genotypes. Anal squamous cell carcinoma (ASCC) has been associated with sexual transmission of HPV infection (10) . The prevalence of HPV DNA in ASCC ranges from 75-100%, depending on the test method, of which HPV16 is the predominant genotype (11) (12) (13) . The currently adopted HPV-related oncogenic pathway, elucidated by studying cervical and head & neck squamous cell carcinomas (HNSCC), involves the viral proteins E6 and E7 which inhibit human tumor suppressor proteins p53 and Rb, respectively. Pre-clinical data of HPV infected tumor cells have demonstrated inherent sensitivity to chemotherapy and RT (14, 15) . In parallel, clinical series involving both HNSCC and cervical cancer HPV infected tumors have shown superior treatment response to chemoradiation (CRT) when compared to similar HPV negative tumors (16) (17) (18) (19) . Over the last decade, efforts have been made towards understanding the prognostic and predictive properties of HPV infection in HNSCC which have culminated in significant changes in the staging of HNSCC as well as on-going treatment de-escalation clinical trials.
There have been prior single institutional, retrospective studies investigating the relevance of HPV infection in ASCC, but most of these reports included a limited number of patients ranging from 47 to 153 patients (20) (21) (22) (23) . To that end, the present study was designed to answer that question with an amplified statistical power in a multi-institutional setting by utilizing the large, prospectively acquired, National Cancer Data Base (NCDB) which captures approximately 70% of all malignancies in the United States. We sought to evaluate the impact of HPV infection on OS for patients with ASCC treated with definitive concurrent CRT.
Methods

Patient selection
The NCDB is jointly maintained by the American College of Surgeons and the American Cancer Society and includes more than 1,500 Commission on Cancer (CoC)-approved hospitals in the United States. The 2014 NCDB Participant User File (PUF) for anal cancer was used to select patients for this study. This file includes patient demographics, socioeconomic factors, disease characteristics, treatment details and survival outcomes.
The database was queried for patients diagnosed with anal cancer from 2004 to 2013. A histologic confirmation of malignancy was required in order to be eligible for the study. Patients were only included if they had a confirmed HPV infection status (either negative or positive). Patients with in-situ disease, non-squamous histology, metastatic disease at diagnosis, and disease involving the cloacogenic zone or perianal skin were excluded. We further excluded patients that did not receive definitive concurrent CRT, inappropriate RT doses or volumes, and cases with missing outcomes. Patients treated with linear accelerator radiosurgery, Gamma knife radiosurgery, brachytherapy, radium, and radioisotopes were excluded. The remaining patients were stratified into two groups: HPV+ and HPV− patients.
Patient demographics
The following demographic variables were included in the analysis: age at diagnosis, gender, race, insurance status, education, geographic location, median income quartile, and treatment facility type. Patient's primary insurance carrier at the time of initial diagnosis was also evaluated. Patients were classified as having no insurance, private insurance, Medicaid, Medicare, other government insurance, or unknown insurance status. Geographic location was determined by the zip code of the patient recorded at the time of diagnosis and then it was classified and compared as metropolitan, urban, or rural location. Treatment facility was categorized as academic/research © Journal of Gastrointestinal Oncology. All rights reserved. J Gastrointest Oncol 2017;8 (6) :998-1008 jgo.amegroups.com center, which includes National Cancer Institute (NCI) designated comprehensive cancer center, or non-academic which includes community cancer program (more than 100 but ≤500 of new annual cancer cases) and comprehensive community cancer program (more than 500 new annual cancer cases. Charlson-Deyo Score was used as a surrogate for patient co-morbidities (24) .
Disease characteristics
The following tumor related variables were evaluated: year of diagnosis, grade (well differentiated, moderately differentiated, poorly differentiated, or undifferentiated), presence or absence of lymphovascular space invasion, clinical tumor and nodal stage based on American Joint Committee on Cancer (AJCC) staging. Patients were excluded if they had in-situ disease, T1N0 disease, or lacked histologic confirmation of malignancy. Patients with Tx clinical stage were included if they had histologic confirmation of malignancy from a nodal biopsy.
Treatment details
All patients were required to have received concurrent CRT (defined as starting within 2 weeks of each modality) in order to be eligible. Radiation dose, radiation modality [intensity modulated radiation therapy (IMRT) vs. other], and multi-agent vs. single-agent chemotherapy were all evaluated. Patients were excluded if they received inappropriate RT dose (<46 or >70 Gy), inappropriate RT volume (outside the pelvis), or an incomplete course of RT.
Outcome
The primary outcome of this study was OS-defined as time from diagnosis to time of death or last follow-up.
Statistical analysis
All statistical analysis was performed using SAS 9.4 (Cary, NC, USA). Univariate associations between each variable and the study cohorts were found using the χ 2 test for categorical covariates and ANOVA for numerical covariates. The univariate association between each covariate of interest and the outcome [overall survival (OS) in months since date of diagnosis] was assessed using Cox proportional hazard model and log-rank test. A multivariable Cox proportional hazard model for OS was fit using the backward selection method and a removal criterion of 0.20. The hazard ratios (HR) with associated 95% confidence intervals (CI) were estimated for each of the covariates and their influence on each patient group. Kaplan-Meier plots were generated to compare the survival curves of each patient group.
Propensity Score (PS) weighting was implemented in order to reduce the inherent imbalances between the groups (25) . Due to the strong interaction between gender and OS, patients were divided into four groups for the purposes of PS weighting: HPV+ male, HPV− male, HPV+ female, and HPV− female. A multinomial logistic regression model was created to estimate the propensity of each group (26) . Inverse probability of treatment weights (IPTW) estimates were calculated from the PSs and were further stabilized by multiplying them by the marginal probability of receiving the treatment observed (27) . For all analyses, the weights were normalized to add up to the original sample size. The effectiveness of the weighting was evaluated by calculating the standardized differences of the covariates between treatment groups (28, 29) . After PS weighting was applied, the effect of HPV infection was calculated using the IPTW method with a Cox model. Weighted survival curves were generated comparing the effect of HPV infection using the Breslow method (30) .
Results
After applying the inclusion and exclusion criteria, there were a total of 1,063 eligible patients. Patients were stratified into two groups: HPV+ (n=498, 46.8%) and HPV− (n=565, 53.2%) as depicted in the CONSORT diagram ( Figure 1) . Table 1 shows detailed patient demographic, disease characteristics, and treatment information within the two groups. The median follow-up time for all patients was 32.4 months.
Patient characteristics
Out of the total 1,063 eligible patients, 718 were female (67.5%) and 345 were male (32.5%). The median age at diagnosis for all patients was 57 years. There were a total of 547 patients with stage II disease (51.5%) and 516 patients with stage III disease (48.5%). A significant majority of patients received multi-agent chemotherapy (n=938, 88.2%). The mean and median RT dose were 54.03 and 54 Gy, respectively.
Univariate analysis (UVA)
UVA between the two groups showed that HPV+ patients were more likely to be male (37.4% vs. 26 gender, MVA showed that presence of HPV infection was a statistically significant variable for men (HR: 0.60, 95% CI: 0.39-0.94; P=0.025). Furthermore, there was a statistically significant difference in OS between men and women (type III P=0.006).
Unadjusted OS
The unadjusted Kaplan-Meier analysis for OS ( Figure 2) showed a 5-year survival of 72.7% vs. 75.3% for HPV+ and HPV− groups, respectively (P=0.5978). With further stratification based on gender, unadjusted Kaplan-Meier analysis for OS showed that within male patients, HPV+ men had improved 5-year OS when compared to HPV− men (68.1% vs. 48.3%, P=0.0379) as depicted in Figure S1 . For female patients, HPV+ women had a trend towards worse 5-year OS when compared to HPV− women (78.4% vs. 86.2%, P=0.0670) as depicted in Figure S2 .
PS analysis
Due to the strong interaction between gender and OS, patients were divided into four groups: HPV+ male (n=180, 18.8%), HPV− male (n=120, 12.5%), HPV+ female (n=321, 33.5%), and HPV− female (n=337, 35.2%). PS weighting was applied across the four groups. Table S1 shows the balance check between the four PS weighted groups. The standardized difference for known co-variates including age, clinical stage, treatment facility type, type of insurance, year of diagnosis, Charlson-Deyo score, and chemotherapy agent were all calculated to be <0.1. For the diagnosis year 2012, the standardized differences amongst all four groups slightly exceeded 0.1, however, this was considered to be statistically and clinically insignificant.
PS weighted MVA for OS stratified by gender shows HPV+ men have a statistically significant improved OS when compared to HPV− men (HR: 0.60, 95% CI: 0.38-0.96; P=0.034). HPV+ women demonstrated a statistical trend towards worse OS when compared to similar HPV− women (HR: 1.47, 95% CI: 0.96-2.25; P=0.074).
PS weighted KM curves for all four groups are shown in Figure 3 . This confirms that HPV+ men have improved 5-year OS of 56.4% when compared to HPV− men of 50.0% (P=0.0340, Figure S3 ) and HPV+ women Figure S4 ).
Discussion
Our investigation shows that HPV infection is a favorable prognostic factor for men with ASCC treated with definitive CRT. However, HPV infection conferred a statistical trend towards worse OS for women with ASCC.
To our knowledge, the present study with 1,063 patients is the largest reported series that evaluates the impact of HPV infection in ASCC in a multi-institutional setting. Furthermore, the finding that HPV infection has a differential prognostic effect based on gender, has never been reported. The finding that HPV infection portends an improved prognosis in male ASCC patients treated with CRT is congruent with previously published reports. Yhim et al. found that 31 HPV infected ASCC patients treated with definitive CRT had superior progression free survival, time to local failure, and OS when compared to 16 HPV negative patients (20) . Similarly, Mai et al., using p16 as a surrogate marker for HPV infection, reported that 137 p16+ ASCC patients treated with CRT had improved relapse free survival and cancer specific survival when compared to 16 p16− patients (22) . However, none of the previously reported studies separated the effect of HPV infection on gender. Initial results of RTOG 98-11 demonstrated that on MVA, male sex (P=0.02) was an independent prognosticator for worse disease free-survival (31) . This difference in survival persisted in the long-term report of RTOG 98-11 where male patients had statistically worse OS (HR: 1.38, P=0.031) (8) . Our analysis aligns with the finding of RTOG 98-11 where male gender is independently associated with statistically significant inferior OS (HR: 1.71, 95% CI: 1.22-2.40; P=0.002). The reason for this disparity in survival for ASCC patients still remains unknown. The gender specific analysis is particularly important because the opposing effect of HPV infection on gender leads to an initial observation of no difference in OS with overlapping KM survival curves (Figure 1) . Only when the analysis is separated by gender ( Figures S1-4) , were we able to discover the differing effect of HPV infection on gender, which explains the initial observation of no difference in OS.
Despite the application of rigorous statistical techniques to minimize selection bias, the differential effect of HPV infection on gender still persisted on MVA. Although there was a statistical trend towards worse OS for HPV+ women, the divergent effect of HPV infection on gender is difficult to explain. In theory, HPV infection yields an increased sensitivity to CRT due to multiple factors: increased levels of excision repair gene expression (32), elevated RT induced residual DNA double strand breaks (DSBs) (14) , modulation of protein kinase B activation (33) , and restoration of apoptotic cell death and upregulation of tumor suppressor p53 (15) . The underlying oncogenic pathway and radiosensitivity due to HPV infection in squamous cell cancers has not been shown to be different based on gender. However, emerging data indicates that for HPV associated cancers, there is a high risk subgroup with elevated levels of E6 gene expression that is at increased risk of distant metastases and demonstrates worse cancer specific survival (34) .
Our report adds to the increasing amount of literature that suggests HPV infection has a prognostic role in ASCC. However, our study is unique as we were able to validate the impact of HPV infection on OS in a large, multiinstitutional database. Moreover, the gender specific impact of HPV infection has never been previously reported. Based on the results of our investigation, and other prior studies, the impact of HPV infection in ASCC should be investigated in a prospective, randomized clinical trial in order to eliminate the inherent selection bias associated with retrospective analyses. Furthermore, patients should be stratified based on gender, as the present study and RTOG 98-11 reported improved survival for women with ASCC.
Our study has a few pertinent limitations. HPV infection was categorized as being positive or negativethe method of testing (in-situ hybridization or polymerase chain reaction) was not available in the NCDB. Of the HPV positive patients, majority of them had missing genotype information and hence a subset analysis of each HPV genotype could not be performed. Moreover, p16 overexpression-a surrogate marker for HPV infection routinely used in the clinic-was unavailable for analysis. Therefore, we were unable to stratify and analyze patients based on p16 overexpression. Next, the NCDB does not specify chemotherapy agents (mitomycin versus cisplatin) and this could not be included in the analysis. Lastly, human immunodeficiency virus (HIV) infection status was also not available in the NCDB and hence could not be included in the analysis.
Conclusions
HPV infection was associated with a survival advantage for male ASCC patients treated with definitive CRT. However, HPV infection did not influence survival for similar female ASCC patients treated with definitive CRT. The differential effect of HPV infection on gender in ASCC is a novel finding which warrants further investigation in prospective, randomized clinical trials. Survived months from diagnosis 0  6  12  18  24  30  36  42  48  54 60   321  305  294 265  217  154  103  66  36  14  6   337  327  314 289  236  182  123  82  53  29  9 Survived months from diagnosis 
